A novel intumescent flame retardant (MAPP-MUF-GO) was prepared by means of the in-situ condensation polymerization of urea and formaldehyde in the presence of graphite oxide (GO), polyvinyl alcohol (PVA) and modified ammonium polyphosphate (MAPP). The synthesis mechanism and chemical construction of the obtained flame retardant were conjectured by Fourier transform infrared spectroscopy (FTIR), and the thermal stability of the flame retardant MAPP-MUF-GO was investigated by Thermogravimetric analysis (TGA) and Micro combustion calorimeter (MCC) measurement. The expandable polystyrene (EPS) slab was coated using the novel flame retardant to prepare flame retardant slab. The flame retardancy of the flame retardant slab was studied by means of limiting oxygen index (LOI) and horizontal burning test (UL-94). The LOI of the slabs coated with 25 (wt%) MAPP-MUF-GO reached up to 32.3% and the slabs passed the standard of HF1 according to UL-94. The thermal conductivity index of the flame retardant slab met the government standard.
Introduction
EPS slab is an excellent exterior wall heat preservation material of buildings, its limit oxygen index (LOI) is only 16.8%, and the peak of heat release rate (PHRR) is very high (about 1300 kW/m 2 ). Once flaming, the fire will spread rapidly and cause a fire accident. Therefore, it causes great concern to make EPS boards hard to burn or even non-ignitable [1] [2] [3] . Various types of flame retardants were exploited for EPS boards. But due to the poor compatibility between the flame retardant and EPS, it is difficult to mix flame retardant with EPS, that make the flame retardant cannot be evenly coated on the surface of the EPS [4] [5] [6] [7] . In this research, we designed and prepared a new IFR, which contain the modified ammonium polyphosphate (MAPP), GO and MUF. MAPP plays an important role as an acid source of the IFR, and it is also a gas source because of the high contents of nitrogen which could attenuate the concentration of oxygen and combustible gas. Carbon source is necessary for the IFR, GO can do the trick. During the combustion process, MAPP decompose and produce phosphoric acid, which could assistant GO to form a thicker char layer on the surface of polymer materials. The char layer could reduce the heat transfer to materials, and also prevents flame going toward the combustible [8] [9] [10] . MUF, modified urea resin with PVA, is used as adhesive and carbon source in the flame retardant. In this paper, we used the novel prepared IFR to coat EPS slab, and investigated its flame retardancy.
Experimental Preparation of Flame Retardant
Preparation of MAPP. MAPP was prepared refer to reference [11] .
Preparation of MAPP-MUF-GO. Formaldehyde solution and GO were mixed in a four-neck-flask, adjusted pH 7-8, the mixture was stirred at 45 ℃ for 15 min, and then PVA and hexamethylenetetramine was added at 60 ℃. Then, increased the temperature to 80 ℃, urea was added, the mixture was stirred at 80 ℃ for 2 hours. And then the mixture was cooled to 25 ℃, the MAPP was added into the four-neck-flask, the pH was adjusted to 6-7, the mixture was stirred at 45 ℃ for 1 hour, MAPP-MUF-GO was obtained. The composition ratio of the reactant was listed in Table 1 . Preparation of Controlled Sample. In order to compare with MAPP-MUF-GO, we prepared various controlled samples.
Preparation of MUF, formaldehyde solution was added into a four-neck-flask, adjusted pH 7-8, the mixture was stirred at 45 ℃ for 15 min, then PVA and hexamethylenetetramine was added. Then, increased the temperature to 80 ℃, urea was added, the mixture was stirred at 80 ℃ for 2 hours. MUF was obtained.
Then, the three controlled samples were made, in which MAPP and GO were just mixed with MUF.
Preparation of Flame Retardant Sample Slabs and Controlled Slabs. The flame retardant slabs were prepared by mixing EPS and MAPP-MUF-GO at defend ratio. The mixture of EPS and the flame retardant were filled into a mold under steam at 150 ℃ for 10 min, a foamed flame retardant EPS slab was obtained. The coating ratio of the flame retardant and EPS were listed in Table 2 . The controlled slabs were prepared by mixing EPS and MAPP, GO and MUF at defend ratio. The process of molding method was as above.
Methods for Analyses
After micro combustion calorimeter test with a Hitachi S-530 field emission scanning electron microscope (Tokyo, Japan) at an acceleration voltage of 20.00 kV to characterize the the structure of carbon residue. Fourier transform infrared spectroscopy was performed on a JASCO FT/IR-4200 (JASCO, Japan) spectrophotometer to characterize the MAPP-MUF-GO and carbon residue of MAPP-MUF-GO using thin KBr disc with the scanning range of wavenumber from 4000 to 500 cm -1 . Thermogravimetric analysis measurement was carried out using TGA (ST409PC, NETZSCH). The maximum decomposition temperature was determined from the first order derivative of TGA curve (DTG). Micro combustion calorimeter test was performed on a FTT0001 (FTT, Britain). According to ASTM D7309, 5-7 mg of MAPP-MUF-GO and controlled samples were heated to 600 ℃ at a heating rate of 1 ℃ s −1 in an inert gas steam (80 ml min −1 ). Limiting oxygen index (LOI) was carried out on a JF-3 oxygen index meter (DaJia Instrument Company, China) according to the standard oxygen index test ASTMD2863-77. The horizontal burn test was measured by a CZF-1 instrument (Jiangning Analysis Instrument Company, China) according to the standard UL-94 test ASTMD635-77. The thermal conductivity index of the composite materials were tested by IMDRY3001-Ⅱ thermal conductivity analyzer. In order to further study how the structure of intumescent char influences flame-resistant properties of samples, the micro structure of flame retardant slab char residue of flame retardant slab was observed by SEM, as shown in Figure 1 . (a) and (b). After flaming, the MAPP-MUF-GO can inflate and form a thick, smooth carbon layer, and cover the surface of polymer materials, which would block up the materials contacting with oxygen. On the other hand, the carbon layer can also prevent the polymers flaming again caused by combustible gas released from flaming materials under the high temperature condition. FTIR spectra of MAPP-MUF-GO and carbon residue of MAPP-MUF-GO were shown in Figure 2 . From the curve (a), the peak could be seen at 3302cm -1 and 1254cm -1 attributed to the imino group and ether group, [12] respectively. The possible structure of MAPP-MUF-GO was speculated as shown in Scheme 3. The curve (b) reveals that imino group disappeared at 3302 cm -1 after flaming. It indicates that MAPP-MUF-GO has decomposed during the combustion, decomposition and releases nonflammable gas (ammonia), which could dilute the concentration of flammable gas and oxygen surrounding the materials, and then make the flame of combustible materials slow even quench. The ether group at 1254cm -1 also disappeared in the curve (b), it indicates that the C-O-C bond between GO and MUF had been broken, and the carbon layer was formed, which coated on the surface of the material, and obstructed polymer materials from oxygen.
Results and Discussion
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DTG Analyses of MAPP-MUF-GO and Controlled Samples
DTG is one of the most widely techniques used for evaluating thermal stability of different materials. DTG was performed to determine that how MAPP-MUF-GO and controlled samples are degraded during the flaming. Figure 3 shows that there are apparent differences among MAPP-MUF-GO, controlled sample 1, controlled sample 2, and controlled sample 3. The thermal decomposition temperatures of controlled sample 1 and controlled sample 2 were both about 400℃, but the decomposition temperatures of MAPP-MUF-GO and controlled sample 3 were both about 700℃, which were much higher than that of controlled sample 1 and controlled sample 2. It suggests that the stability of MAPP-MUF-GO has been improved significantly because the chemical bonds (C-N-C and C-O-C) were produced in MAPP-MUF-GO. However, for the controlled sample 1 and controlled sample 2, which were mixture of MAPP and MUF, MAPP, GO and MUF, showed the lower decomposition temperature due to the presence of free MAPP. While the controlled sample 3 was the mixture of GO and MUF, absence of MAPP, so the decomposition temperature was higher. Table 3 shows the peak heat release rate (PHRR), heat release capacity (HRC), total heat release (THR) of MAPP-MUF-GO and controlled samples. MAPP-MUF-GO is the lowest one compared with all of other controlled samples. Furthermore, the temperature at maximum heat release rate of MAPP-MUF-GO is the highest, which is consistent with the enhanced thermal stability observed from DTG. The results suggest that MAPP-MUF-GO is good to be used as a flame retardant to improve the fire safety of EPS. Analysis of Flame Retardancy LOI Analysis. As shown in Figure 4 , the LOI of all controlled slabs were below 28% with a coating ratio from 5:1 when the flame retardant was 20 (wt%). It means that the effect of controlled sample was not ideal, the LOI of MAPP-MUF-GO is quite higher than that of controlled samples under the same condition. LOI is defined as the minimum percentage of oxygen in an oxygen-nitrogen mixture that is just sufficient to sustain combustion of the sample after ignition. Figure 5 . shows the LOI of EPS slabs and flame-retardant slabs. It is obviously seen that the LOI is increasing with the coating ratio and the content of flame retardant. The LOI of flame retardant slab with 25 wt% MAPP-MUF-GO is as high as 32.3%, much higher than that of EPS slab. A remarkable improvement of flame retardancy is observed.
Analysis of MCC for MAPP-MUF-GO and Controlled Samples
UL-94 Test Analysis. UL-94 test is widely used to evaluate the flame retardant properties of materials. 
Analysis of Thermal Conductivity Index
Thermal conductivity index is one of the important measurement standards of thermal insulation materials. As shown in Figure 6 , the thermal conductivity index of flame retardant slab is increasing with the coating ratio and flame-retardant content. However, the thermal conductivity index of the most samples (coating ratio less than 3:1 and the flame retardant content less than 20%) are still below 0.042 W/(m·K), met the government standard. At the same time, the LOI and UL-94 could also reach the standard. The results above illustrate that the flame retardant slab not only present good flame retardancy, but also possess good thermal insulation.
Conclusion
In summary, according to the results of DTG, MCC, LOI and UL-94, the prepared intumescent flame retardant (MAPP-MUF-GO) has good fire retardation for EPS. At the same time, the better effect of flame retardant does not increase the thermal conductivity index of the EPS slab by a large margin. The experiment results demonstrated that MAPP-MUF-GO is a very effective flame retardant.
